Peyronie's patients are candidates for surgical treatment when the acute phase has resolved. The choice of surgical treatment modality, either reconstructive procedure or implantation of penile prosthesis, largely depends on the type and degree of the deformity and the penile vascular status of the patient. We present the results of ou1Effects of inhibitors and rmTNF-a on FMLP-induced O 2 production by mouse leukocytesr experience with incision and venous patch technique in Peyronie's disease.
Introduction
Peyronie's disease, which was ®rst described by Fallopius in 1561 but named for Francios de la Peyronie in 1743, is a common connective tissue disorder of the tunica albuginea of penis characterized by ®brous inelastic scar formation causing painful erection, curvature, palpable plaque and erectile dysfunction (E.D.). 1 ± 4 The incidence of symptomatic Peyronie's disease was found 1 ± 2% in two different populations of male physicians. 5 The average age-adjusted annual incidence rate is 25.7 and prevalence rate is 388.6 per 100 000 male population. 6 Patients with Peyronie's disease do not have common starting point and a well de®ned end point is conceptually dif®cult but two discernible phases are usually noted during the progression of the disease. 1 The acute in¯ammatory phase usually lasts about 12 ± 18 months and is characterized by deformity and pain on erection. It is followed by the chronic or stable phase characterized by minimal pain, stable deformity and stable nodule size. Spontaneous complete resolution occurs in up to 13% of cases. 7 However, this is uncommon and often takes several years. 7 Therefore, the treatment of Peyronie's disease can be initiated by medical therapy modalities during the acute phase. 1 Surgical treatment should be delayed until the acute in¯am-matory phase has resolved. 8 ± 10 Recently, the most popular surgical treatment modalities are: (1) Reconstructive surgery by either lengthening the concave side (that is, excision or incision and grafting) or shortening the convex side (that is, plication and Nesbit procedures) of the deformity; (2) Penile prosthesis implantation with or without incision or excision of the plaque. 1, 9, 10 Since no single technique is applicable to all patients, the procedure indicated is largely dependent on the type and degree of the deformity and penile vascular status of the patients. 1,8 ± 12 In this report we present our results of reconstructive surgical treatment of Peyronie's disease with incision and venous patch technique.
Materials and methods
Between 1991 and 1997, 20 patients with Peyronie's disease underwent surgical treatment with incision and venous patch (IVP) technique. Their mean age was 53 AE 12.8 (range: 22 ± 74 y) and the mean interval between the onset of the disease and the time of operation was 26.1 AE 19.8 months (range: 1 ± 7 y).
The ®rst part of patient evaluation was directed toward a detailed medical and sexual history. The presence of risk factors for vascular disease such as diabetes, hypertension and serum lipid abnormalities were recorded. 13 Physical examination focused on abnormalities of the genitalia and extent of the palpable induration on the penis.
All patients were given an intracavernous injection of 60 mg papaverine combined with manual stimulation (CIS. test) to assess the degree of tumescence, location and degree of the curvature. 14 Criteria for positive erectile response to CIS test were determined as occurrence of erection (buckling pressure b 500 gr) within 10 min, and duration of this state for at least 10 min. 14 The degree of the deformities were measured by protractor during CIS test. The deformities were also documented by photography or drawing.
Once the acute phase resolved and the plaque matured, all patients underwent color Doppler ultrasound examination (ATL Ultramark 9/7.5 MHz probe) after intracavernous injection of 10 mgr prostaglandin E1, and the penile vascular system, the collateral arterial blood¯ow between dorsal and cavernosal arteries and the degree of the curvature were assessed. 13, 14 In order to overcome symphatetic overactivity and misinterpretation of the CDU study due to anxiety, patients were asked to stimulate their external genitalia manually, without ejaculation for 10 min in privacy.
14 Peak systolic blood¯ow velocity values of !35 cm/sec and 35 cm/sec were considered normal penile arterial response and arterial insuf®ciency respectively. 10 End diastolic velocity values of b 5 cm/sec were considered diagnostic for caverno-venous incompetence. During this examination, vacuum constriction device (VD) was used in those who did not achieve complete tumescence to enhance erection.
Patients with adequate penile vascular system were assigned to reconstructive surgery while those with penile vascular insuf®ciency, who did not respond to intracavernous injection (ICI) and/or VD, were candidates for implantation of penile prosthesis. Our algorithm for preoperative evaluation and surgical treatment of patients with Peyronie's disease is shown in Figure 1 .
Our choice for reconstructive surgery, the incision and venous patch technique (IVP), was similar to the procedure described by Brock et al. 9 The genital area of the patient was prepared and circumcision incision was made, exposing the corpora cavernosa, the corpus spongiosum and the dorsal neurovascular bundle. A 21 G needle was inserted into one of the corpus cavernosa to produce an arti®cial erection with saline injection and assess the penile deformity. For dorsal curvature, the deep dorsal vein, arteries and nerves were identi®ed and dissected off the tunica albuginea of the corpora cavernosa after entering the Buck's fascia. 1 A medial approach was used to dissect the neurovascular bundle. Surgical loupes for magni®cation (6 3.5) were used. 2 On the other hand, corpus spongiosum was dissected off the tunica for ventral curvature. Transverse relaxation incisions were made on the tunica albuginea except for those with hourglass deformity where longitudinal incision should be preferred. The plaque was incised, extending the ends to an H shape. The harvested vein, either dorsal or saphenous, was divided into several segments and assembled again with polydioxanone (PDS) sutures. The preassembled vein patch, with its endothelial side down, was sutured to the defect with continuous 4/0 polydioxanone (PDS) sutures. Buck's fascia and the circumcision incision were closed with interrupted 4/0 chromic cat-gut sutures. The leg wound was closed with a 4/0 polyglycolic acid suture subcuticularly and a sterile dressing was placed over the incision. A Foley catheter was inserted and removed the following day. A compressive elastic dressing was applied to the penis for the next ten days. The patients were instructed to change the dressing once a day and to abstain from sexual intercourse for six weeks.
The degree of the curvature was reassessed in the 3rd postoperative month by intracavernosal injection of 10 mgr prostaglandin E1. The postoperative corrected forms of the penis were also documented by photographs. In the 6th, 9th and 12th months postoperatively, the potency status and penile deformity were assessed using a structured questionnaire. The patients were also speci®cally asked about penile length. We did not use any device to measure the penile length objectively. Penile sensations were also assessed by patients' own statements. 
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In order to identify and characterize predictive factors associated with unfavorable outcome (that is, residual curvature) of IVP technique, data obtained from patients with successful outcome and from those with complications were compared with respect to age, duration of the disease (that is, the interval between the onset of the disease and the time of operation), presence of risk factors for vascular disease such as diabetes mellitus, hypertension and serum lipid abnormalities, type and degree of the deformity, preoperative potency, response to CIS test and the penile vascular status assessed by color Doppler ultrasonography. Statistical analysis was performed with Fisher's exact test.
Results
The main penile deformity was dorsal curvature in 10 (50%) patients, one of them having a concomitant hourglass deformity. Curvatures to the left and right side of penis were noted in six (30%) and one (5%) patients, respectively. The remaining three patients (15%) had left dorsolateral curvature.
The degree of the curvature was greater than 60 degrees in 55% patients (n:11). Three patients (15%) had degrees of deformity ranging from 45 ± 60
. The remainders (30%, n:6) had a degree of curvature less than 60 with a concomitant notching (n:4), hourglass (n:1), or swanneck (n:1) deformity.
According to their preoperative potency assessed by history, three (15%) patients were regarded as potent, 11 (55%) patients complained of dif®culty during intercourse due to the disabling deformity and four (20%) patients had erectile dysfunction (ED) preceeding the disease (that is, ED started with the onset of the disease when they noticed their penile deformity and plaque). The remaining two (10%) patients, with a mean age of 62 y, stated that they had erectile dysfunction about 10 y before they noticed their deformity (Table 1) .
Fifteen patients (75%) had positive response to CIS test and the remaining patients had negative response achieving full erection with VD ( Table 1) . The evaluation by color Doppler ultrasonography revealed normal penile vascular system in 55% of patients, while 30% and 15% of patients had caverno-venous incompetence and mixed (arterial venous) penile vascular disease, respectively ( Table 1) .
The curvature was completely straightened in 15 (75%) patients after a mean follow-up of 13.2 AE 9.4 (range: 3 ± 27) months (Figure 2a,b) . Four patients (20%) had minimal residual curvature (`20 ) which did not result in dif®culty with intromission. Bulging at the graft site was noted in one (5%) patient (Figure 3) .
Two patients complained about hypoesthesia at the glans penis which lasted three months after surgery. None of the patients complained of shortening of their penis and no wound infection was observed.
All patients preserved their potency except one who had positive response to CIS test and normal penile vascular system on color Doppler ultrasound examination preoperatively. He refused postoperative penile vascular work-up and achieved full erections with VD.
The patients (n:6) who had erectile dysfunction achieved full erection with ICI and/or VD postoperatively. However, the risk of postoperative residual curvature was higher (75%) in these patients when compared to those without any preoperative erectile dysfunction. Similarly, signi®-cant difference was found in postoperative residual curvature rates between CIS positive and negative patients (P`0.05). In addition, the risk for postoperative complication was slightly higher in patients with mixed penile vascular disease, especially when there was prominent arterial component on color Doppler ultrasonography.
Age, preoperative type and degree of the deformity did not affect postoperative outcome (Table 2) . We also compared complication rates in patients Surgical treatment of Peyronie's disease A Kadiog Ïlu et al with or without risk factors including diabetes (that is, IDDM; n:4, 20% and NIDDM; n:2, 10%), hypertension (n:7, 35%) and serum lipid abnormalities (n:11, 55%), but could not ®nd any statistical signi®cant difference (Table 2) .
These ®ndings suggest that there is increased risk of postoperative residual curvature in patients with preoperative erectile dysfunction, negative response to CIS test and arterial insuf®ciency on color Doppler ultrasonography (Table 2) .
Discussion
Despite extensive clinical experience and prolonged period of time that has elapsed since its original description, no single algorithm for surgical treatment of Peyronie's disease has conceptually been accepted.
1,4,9,10 Indications for any type of procedure seem to be largely dependent on the type and degree of the deformity and the penile vascular status of the patient. 1, 11 Surgical treatment of Peyronie's disease is usually considered in patients who have signi®cant curvature that impairs sexual function or in those with associated loss of penile rigidity. Surgical correction of penile curvature due to Peyronie's disease was ®rst reported in 1947 by Lowsley and Gentile, 15 who excised the plaque and inserted a free block of fat into the defect. In the following years, other authors reported studies in which various materials, either autologous (that is, free dermis, tunica vaginalis, lyophilized human dura and cadaveric human dura) or synthetic (that is, Dacron, Dexon mesh, Gortex, silastic sheets), were used to cover the defect Surgical treatment of Peyronie's disease A Kadiog Ïlu et al induced by plaque excision. 16 ± 23 However, the reported long term resultant loss of erectile function after these excisional procedures has tempered their use. 24 In 1991, Gelbard and Hyden were the ®rst to recommend multiple incisions rather than excising the plaque, since the tunica albuginea is affected as a whole in Peyronie's disease. 25, 26 These authors chose fascia from the temporalis muscle as the source of their donor material to cover the incisional defects. 25 Because of the time and special plastic surgery expertise required to obtain temporalis fascia, Fournier et al 27 In our series with incision and venous patch (IVP) technique, complete straightening was achieved in 15 (75%) patients after a mean follow up of 13.2 AE 9.4 (3 ± 27) months. Minimal residual curvature (`20 ) was observed in 4 (20%) patients postoperatively. Our results, in terms of postoperative complete straightening of the deformity did not show any statistical difference (P b 0.1) when compared with other series in which complete straightening was reported in 66 ± 100% of patients (Table 3) .
9,27 ± 29 Signi®cant shortening of the penis, a complication reported to be about 22% by Moriel et al 28 in their series with IVP technique, is not noted in any of our patients. 28 Bulging at the graft site, which has not been reported in the literature, was noted in one (5%) patient. He had a lateral penile deformity to the left side preoperatively. The degree of deformity was 60
. His preoperative CDU study revealed normal penile vascular system. He refused postoperative penile work-up and achieved erection with VD. There was nothing special about his graft peroperatively. This was an interesting ®nding since in animal studies, no aneurysmal formation at the graft site was observed in spite of neural stimulation and contrast media infusion in a provocative fashion in an attempt to induce ballooning of the patch. 30 Reconstruction with shortening the convex side (that is, plication, Nesbit procedure) may be an alternative treatment modality. However, it has been shown that these procedures resulted in shortening of the penis. 1 The standard Nesbit procedure and its modi®cations have also found a great application for the correction of the curvature due to Peyronie's disease. 31, 32 In a recent study by Licht and Lewis, 33 a complete straightening of the curvature was reported in 79% patients with Peyronie's disease treated with standard Nesbit procedure although 37% patients complained of penile shortening. The same authors, using the modi®ed Nesbit procedure described by Yachia (that is, closing the vertical incision in the tunica albuginea in a horizontal fashion), they reported a complete straightening in 93% patients while 67% complained of penile shortening. 33, 34 Plication of the convex of the deformity is an other conservative surgical treatment modality. 35 But we only recommend plication procedures for patients with dorsal curvature and arterial collateral blood¯ow between dorsal and cavernosal arteries in order to preserve these collaterals.
A recent paper by Levine and Lenting 11 about an algorithm for the surgical treatment of Peyronie's disease underlines the importance of the type and degree of the deformity. They concluded that simple curvatures less than 60 with adequate erectile capacity were candidates for plication procedures. On the other hand, they recommended incisional or excisional procedures for complex and bidimensional curvatures, for hourglass deformities and hinge effects and for deformities with a curvature greater than 60
, as far as they preserved their erectile capacity. 11 A similar algorithm was also proposed by Rehman et al 12 who also recommended excision or incision of the plaque for the removal of the disease in patients with recurrences after plication procedures. However, no patient in our series was candidate for plication procedure according to their type and degree of the deformity. The patient with hourglass deformity in our series, developed postoperative residual curvature but we could not conclude any statistically signi®cant Although several studies have demonstrated the ef®ciency of prosthesis implantation in returning more than 90% of patients to sexual activity, many patients do not wish to have a prosthesis, and prefer more conservative treatment modalities. 8 ± 10 Also, placing a prosthesis, with its attendant risks of infection and malfunction, may be too aggressive especially when more conservative and effective surgical alternations exist. A penile prosthesis should be reserved for men with severe penile vascular disease as proposed in the recent published algorithms. 10, 11 Performing the IVP procedure through circumcision instead of inguinoscrotal incision avoids dissection of the suspansory ligament. 1 The most critical part of this operation is the restoration of the neurovascular bundle namely its dissection free from any ®brous extensions. 2 The dorsal neurovascular bundle of penis lies over the tunica albuginea, beneath the Buck's fascia. Thus it is inevitable that the ®brotic process of the tunica albuginea effects the neurovascular bundle by limiting its ability to change its own con®guration according to the tumescence of the penis. The dissection of the neurovascular bundle free from any ®brous extensions not only avoids injuries by elevating it during the incision of the plaque but also helps to restorate (that is, accommodate to the elongation of the penis) it. In order to achieve complete restoration of the bundle, medial approach, as pointed out by Lue, may be preferred. 2 Comparison of predictive factors of successful outcome such as age, duration of the disease, presence of risk factors for vascular disease, type and degree of the deformity, preoperative potency by history, response to CIS test and the penile color Doppler ultrasonography ®ndings revealed an increased risk for postoperative residual curvature in patients with preoperative erectile dysfunction, negative response to CIS test and penile arterial disease (Table 2 ). This may be explained by the impairment of arterial blood¯ow. Self injection of vasoactive agents may be considered early in the postoperative period in patients with negative response to CIS test since this may increase the arterial blood¯ow and oxygenation of the penis, hastens would healing and may prevent postoperative residual curvature and may improve the quality of erections and sexual satisfaction. 36 In view of our ®ndings, implantation of penile prosthesis may be appropriate in patients with negative response to CIS test and severe penile vascular disease on color Doppler ultrasonography, since the outcome of IVP technique was unfavorable in 3 and of 5 patients (60%) with negative response to CIS test.
The use of autologous venous patch for coverage of incisional defect of the tunica albuginea allows endothelial-to-endothelial healing to occur. Brock et al 30 showed in an animal study that vein patch had a near normal architecture of the tunica albuginea after six months of follow-up. An ideal patch material should be easily available,¯exible, biocompatible and strong enough to sustain the intracorporeal pressure. It must heal rapidly and be cost-effective. The venous patch graft seems to meet all these criteria, except when saphenous vein is to be used, a second incision is needed. In our series, in several initial cases, deep dorsal vein was harvested as a patch. Our choice for donor tissue is the saphenous vein because it is thicker and wider than the deep dorsal vein, and has less perforates. 1 Another important property of vein patch is the secretion of endothelial derived relaxing factor (EDRF)/nitric oxide (NO) by the endothelium. Recently it has been shown that circumferential deformation and shear stress induces differential responses such as increased NOS (Nitric oxide synthase) activity, in the saphenous vein endothelium, especially when exposed to arterial¯ow which is quite similar to the ®lling phase of erection. 37 NO inhibits platelet adhesion and aggregation, thus preventing hematoma and ®brosis formation under the graft. 36 
Conclusions
Incision and venous patch technique as a reconstructive procedure, with generally satisfactory results, is indicated in Peyronie's patients with adequate penile vascular system. However, the preoperative potency, response to CIS test and penile vascular status of the patient assessed by color Doppler ultrasonography, may correlate with the outcome of the procedure. The restoration of the neurovascular bundle is the most critical part of the operation. Complete straightening of the deformity is achieved in 75% of patients while almost negligible risk for loss of potency exists.
